INTRODUCTION {#sec1-1}
============

The key objective of endodontic therapy is the absolute abolition of microbiota from the root canal system. Although the mechanical instrumentation is able to decrease the microbial loading, it is difficult to attain the comprehensive canal disinfection due to the complex internal root canal anatomy.\[[@ref1]\]

The profound use of an antimicrobial solution like sodium hypochlorite (NaOCl) is strongly recommended during biomechanical preparation to obtain thorough elimination of the necrotic pulp as well as microorganisms. NaOCl is opted as the irrigant of first choice during root canal therapy due to its excellent antimicrobial efficacy and tissue dissolving potential.\[[@ref2]\]

A broad-spectrum antimicrobial solution, chlorhexidine (CHX) gluconate in various concentrations has also been used as a substitute or in conjunction with NaOCl due to its lesser toxicity\[[@ref3]\] and antimicrobial substantivity.\[[@ref4]\] It has been found to be greatly effective against several strains of Enterococcus fecalis. Few researches have advocated the alternate use of NaOCl and CHX to take advantage of the beneficial qualities of both solutions.\[[@ref5]\]

The interaction between NaOCl when followed by CHX results in orange-brown precipitate formation, known as para-chloroaniline which is possibly carcinogenic to humans and has toxic and immune-toxic effects.\[[@ref6][@ref7]\] This precipitate may hamper the radicular seal during obturation.\[[@ref7]\] It may considerably augment the likelihood of leaching of unidentified chemicals into the periradicular tissue and also result in tooth discoloration.\[[@ref6]\]

An intermediate intracanal flush with distilled water, isopropyl alcohol, and 50% citric acid has been suggested to eliminate the residual NaOCl before using CHX to prevent the formation of a precipitate.\[[@ref6][@ref7][@ref8][@ref9]\]

Sodium metabisulfite is a chemical reagent which is used as a disinfectant, antioxidant, and preservative agent.\[[@ref10][@ref11]\] However, its use in dentistry is restricted as a preservative in local anesthetic solution to prevent oxidation of vasoconstrictor adrenaline.\[[@ref12]\]

Sodium thiosulfate has been used as an antidote to cyanide poisoning,\[[@ref13]\] and treatment of calciphylaxis in hemodialysis patients with end-stage kidney disease.\[[@ref14]\] It has also been effectively used for neutralizing NaOCl in the laboratory studies.\[[@ref15]\]

Therefore, the potential of both sodium metabisulfite and sodium thiosulfate in minimizing the formation of orange-brown precipitate when used as an intermediate endodontic irrigant while using CHX after NaOCl appears to be self-evident.

The null hypothesis of the present research stated that there would not be any difference between the effectiveness of sodium metabisulfite, sodium thiosulfate, and isopropyl alcohol in preventing the precipitate formation when used as an intermediary intracanal flush between NaOCl and CHX.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty human permanent, intact and mature maxillary anterior teeth with single canals, recently extracted for periodontal reasons were selected by direct clinical examination for this study. After washing with distilled water and ultrasonic scaling, the specimens were immersed in 0.5% Chloramine T solution until use.

The teeth were decoronated to obtain a standardized root length of 10 mm. Canal patency was evaluated using \#10 K file and teeth with canal obstructions were discarded. The actual length of each tooth was determined with \#10 K file, which was introduced into the canal until its tip emerged through the major apical foramen. The working length was established by subtracting 1 mm from the actual length. The apices of the specimens were sealed with wax to prevent extrusion of irrigating solutions. All the canals were prepared by the same operator using NiTi rotary files (Protaper Universal, Dentsply, India) until F4 size as per the manufacturer\'s instructions. Glyde Prep Canal™ (Dentsply India Pvt. Ltd., New Delhi, India) was used as a lubricant during instrumentation and the canals were irrigated with 2.5% NaOCl between each instrumentation sequence using a 30G side vented needle (RC Twents Irrigation Needle, Prime dental Products Pvt. Ltd., Bhiwandi, India) introduced 2 mm short of the apex. After complete mechanical instrumentation all the samples were thoroughly flushed with 2.5 ml of 2.5% NaOCl using 30G side vented needle.

The samples were randomly allocated to four groups of 10 samples each based on the use of 2.5 ml of intermediate irrigating solution for 60 s as specified below: Group A - No intermediary intracanal irrigant used (control group); Group B - 70% Isopropyl alcohol; Group C - 1% sodium metabisulfite; Group D - 3.86% sodium thiosulfate. After that, all the group samples were irrigated with 2.5 ml of 2% CHX gluconate solution as final wash.

The root canals were dried using paper points of corresponding apical preparation size. Two longitudinal grooves were made along the buccal and lingual surfaces of the roots with water-cooled diamond disc. The roots were then sectioned using mallet and chisel. The exposed surfaces of the root canal were examined for the orange-brown precipitate using a dental operating microscope at ×16 magnification \[[Figure 1](#F1){ref-type="fig"}\]. The images were then transferred to a computer and evaluated using image editing software (Adobe Photoshop CS5; Adobe Systems, San Jose, CA, USA) by a blinded independent examiner. The quantum of orange-brown precipitate was scored as per criteria suggested by Arslan *et al*.\[[@ref9]\] as follows: 0 - The root canal surface was completely free of orange-brown precipitate; 1 - Orange-brown precipitate present in \< half of the root canal surface; 2 - Orange-brown precipitate covered more than half of the root canal surface; and 3 - The root canal surface completely covered with orange-brown precipitate. The obtained data were subjected to one-way ANOVA test and *post hoc* Tukey test for statistical analysis.

![Images of representative specimen from each group: (a) Control Group, (b) isopropyl alcohol Group, (c) sodium metabisulfhate group, (d) sodium thiosulfate group](JCD-21-428-g001){#F1}

RESULTS {#sec1-3}
=======

The one-way ANOVA test showed that Group C exhibited the least mean scores amongst all the experimental groups (*P* \< 0.001), followed by Group D, B, and A, respectively \[[Table 1](#T1){ref-type="table"}\]. The *post hoc* Tukey\'s test showed a statistically significant difference between Group C on one hand as compared to all the other experimental groups, whereas Group A revealed the maximum amount of orange-brown precipitate \[[Table 2](#T2){ref-type="table"}\]. Although the Group B and Group D performed better than Group A, the difference was not statistically significant. The difference between Group B and Group D was also statistically insignificant. Thus Group C exhibited the least amount of orange-brown precipitate when compared with all the experimental groups (*P* \< 0.001).

###### 

ANOVA values for the presence of orange-brown precipitate
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*Post hoc* scores for the presence of orange-brown precipitate
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DISCUSSION {#sec1-4}
==========

The essentiality of the irrigation is paramount during chemo-mechanical preparation due to its noteworthy role in the eradication of microorganism, tissue dissolution, removal of debris as well as smear layer, especially in areas untouched during chemomechanical preparation which amount to almost 40%--60% of the total surface area.\[[@ref16]\]

The precipitate formed, when 2% CHX is used as a final irrigating solution after NaOCl, covers the surface of the root canal dentin and adversely affects the dentin permeability. This is detrimental to medicament diffusion and sealer adaptation.\[[@ref17]\]

To mimic the scenario of precipitate formation *in vitro*, the maxillary anterior teeth were selected for this study since they provided sufficient radicular bulk and wider canal diameter. It also facilitated splitting of the roots to observe the radicular surface of the canal.\[[@ref18]\]

The extracted teeth were stored in 0.5% Chloramine T solution to provide adequate disinfection and prevent dehydration while having no adverse effect on the organic phase (collagen) of dentin.\[[@ref19]\]

The instrumentation was done up to size 40 and 0.06 taper to permit the deeper penetration of the irrigant in the apical portion of the root canal.\[[@ref20][@ref21]\]

During chemomechanical preparation as per established protocol suggested by the Zehender,\[[@ref5]\] Glyde was used as a lubricant and 2.5% NaOCl was used as the irrigating solution. This protocol is widely used in contemporary endodontic practice; although, there have been concerns related to the reduced efficacy of tissue dissolving capability of NaOCl.\[[@ref22]\]

To maximize the beneficial effect from the mutually exclusive properties of NaOCl and CHX, namely tissue dissolution and substantivity, respectively, alternative use of these solutions has been proposed. The antimicrobial effect of a combination of NaOCl and CHX has been shown to be superior to either of the components individually.\[[@ref4]\]

The flocculate resulting from the interaction of NaOCl and CHX is possibly carcinogenic to humans (Group2B-International Agency for Research on Cancer 1993) and has toxic and immunotoxic effects.\[[@ref8]\] Moreover, para-chloroaniline occludes dentinal tubules and induces color change in teeth.\[[@ref23]\]

The present study was designed to assess the inhibition of precipitate formation specifically on the radicular dentinal surface and thus, the prepared specimens were evaluated using dental operating microscope at magnification setting of ×16. This effectively provided a well magnified two-dimensional view for quantifying the surface precipitate formed.

To minimize the formation of this precipitate, the use of ethyl alcohol as an intermediate irrigating solution has been advocated. Since ethyl alcohol is highly electronegative and a tensioactive agent it can penetrate deep into the dentinal tubules and remove the residual NaOCl present in the canals.\[[@ref9]\] About 70% isopropyl alcohol has been shown to have similar properties as of ethyl alcohol validating its use in the present study.\[[@ref24]\] However, the volatility of alcohol-based irrigants restricts their shelf life.

Sodium metabisulfite and sodium thiosulfate may present an effective alternative to isopropyl alcohol due to their reducing effect. A literature search was done to identify and understand any possible adverse tissue reaction or interactions of the tested irrigating solution. The results showed that sodium thiosulfate or sodium metabisulfite have been widely used in different fields of biomedical science\[[@ref12][@ref13][@ref14]\] suggesting minimal or no adverse reaction to soft tissues. Before designing the present study, the reaction of the tested irrigating solutions with NaOCl was assessed for any adverse reaction or precipitate formation in the laboratory.

The superior performance of sodium metabisulfite as an intermediate irrigating solution (Group C) in minimizing the precipitate formation could be related to its effectiveness in neutralizing NaOCl by removing free chlorine ions. The reaction between NaOCl and sodium metabisulfite (weak acid salt) results in the formation of hypochlorous acid which undergoes an oxidation reaction converting sulfite group to sulfate group.\[[@ref25]\]

The reduction in the formation of orange-brown precipitate in Group D (NaOCl + sodium thiosulfate + CHX) may be attributed to its neutralizing action against NaOCl which is in accordance with the study conducted by Radcliffe *et al*. where 1.93% sodium thiosulfate was found to be effective in neutralizing 0.5% NaOCl and 3.86% successfully neutralized the concentrations \>1.0% NaOCl.\[[@ref15]\]

CONCLUSION {#sec1-5}
==========

Within the limitations of this *in vitro* study, sodium metabisulfite was found to be very effective in preventing the formation of orange-brown precipitate. Hence, it can be suggested as a viable alternative to other intermediate irrigating solutions which are currently used. To ascertain the elimination of precipitate from within the dentinal tubules, it would be necessary to follow through using a scanning electron microscope which was outside the scope of the study. Further studies are needed to evaluate the effect of sodium metabisulfite and sodium thiosulfate on the structural properties of radicular dentin.
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